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This  paper descr ibe6 t h e  rersulte of  radar l o c a t i o n  of Venus 

du r ina  1964 as the  cont inuat ion of previous similar observa t ions  in 
1961 and 1962. It is found t h a t  t h e  energy of r e f l e c t e d  d i g n a l s  decrea- 

ses more r ap id ly  with tke  increase  o f  t h e  incidence angle  than  w a e  

observed i n  1962. A j o i n t  cons idera t ion  of t h e  r eEu l t s  of determinat ion 

o f  Venue' r o t a t i o n  period i n  1962 and 1964 shows t h a t  t h e  o r i e n t a t i o n  

of t h e  ro t a t io r .  a x i s  is nearly perpendicular  r e l a t i v e  t o  Venus' o r b i t  

plane. a- 
I 

8 I 

Radar observat ions of Venu6 were conti.-ued dur ing  1964 by the  

I n F t i t u t e  of Radio Yngineerins and S l e c t r o n i c s  j o i n t l y  with a s e r i e s  

of o t b e r  o r y = n i z a t i o n s  from 11 t o  30 June. Measurement6 were conducted 

w i t h  t h e  a i d  of  t 3e  same i n s t a l l a t i o n  as in 1961 [11 and 1962 c21 
i n  40 cffi. A paramagnetic and parametr ic  ampl i f i e r s  w e r e  u t i l i z e d  at 
input ,  SiSnal  analysis w a s  made from a macnetic tape of a Zbchanne l  

ana lyzer ,  The f i l t e r  bandwidth of each channel,  converted t o  rece ived  

s i g n a l ,  cons t i t u t ed  1.2 cps. 
Two forms of modulation of the  emi t ted  s i g n a l  were mainly used: 

a frequency manipulation and a p e r i o d i c a l  l i n e a r  frequency modulation 

similar13 t o  what wla6' done i n  1462 c2, 31. 
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The emitted s i g n a l  had at frequency keying the  form of  a l t e m a -  
t ing t e l eg raph ic  d ispa tches  i n  two frequencies ,  d i f f e r i n g  e i t h e r  by 

62.5 or 2000 cps. The durat ion of dispa tches  and pauses c o n s t i t u t e s  4.096 
second8 i n  each frequency. ThiA form of modulation w a s  appl ied  f o r  t he  

s t u d y  of t h e  spectrum of r e f l e c t e d  s i g n a l s  and for t he  measurement of 
r a d i a l  v e l o c i t i e s  of Venue' motion, which w a s  determined by t h e  Doppler 

s h i f t  of t h e  c e n t r a l  frequency of s i g n a l ' s  spectrum r e l a t i v e  t o  t h e  

emispion frequency. 

The l i n e a r  frequency modulation w a s  appl ied f o r  t h e  s tudy  o f  

t h e  l a w  of  rediowave rer"1ection from t h e  su r face  and f o r  t he  measurement 
of t h e  d i s t ance  t o  Venus. The frequency of emit ted o s c i l l a t i o n s  var ied  

in a saw-toothed manner c31: t h r e e  regimes were then  u t i l i e e d  : 4 kc/n 

dev ia t ion  with a 1.024 sec.period (as in 19621, 32 kc dev ia t ion  with 

per iod of 8.192 6ec and a 32 kc dev ia t ion  w i t h  a per iod of 1.024 see. 
A dev ia t ion  inc rease  by a f ac to r  of 8 allowed t o  i nc rease  t h e  p rec i s ion  
of  measurement of t h e  d i s tance  and t h e  r e so lv ing  power f o r  t h e  s tudy  

of the  l a w  o f  r e f l e c t i o n  from sur face  by t h e  same f a c t o r .  A t  recept ion  

the  heterodyne frequency var ied a l s o  accordin? t o  saw-tooth l a w ,  but  with 

a l a g  f o r  the computed t i m e  of s i g n a l  propagation t o  p lane t  and r e tu rn .  
If the  conputed l a g  corresponded exac t ly  t o  t h e  real t i m e  of s i g n a l  pro- 

pagat ion t o  p lane t  and beck, the s i g n a l  frequency a t  mceived  output  was 

nominal. The co r rec t ion  t o  conputed l a g  time w a a  found by s i g n a l  frequency 

d e f l e c t i o n  from nominal value.  

The r e s u l t s  of measurement of t he  d i s t ance  t o  Venue and of  r a d i a l  

v e l o c i t y  of  i ts  motion a r e  p lo t ted  i n  Fig.  1. In Fig. 1 a we p l o t t e d  the  

d i f f e rence  br (km) between measured and computed va lues  of t he  d i s t a n c e  

from t h e  po in t  of measurement t o  t h e  n e a r e s t  po in t  of Venus' surface; 
t h e  d i s t ance  

of rad ia l  v e l o c i t y  of r e f l e c t i o n  c e n t e r  on Venus r e l a t i v e  t o  the  po in t  
of measurement is p l o t t e d  i n  Fig. 16. The root-mean square  e r r o r s  of 
measurec va lues  are shown by v e r t i c a l  segments. 

(@q/sec)  between the  measured and the ca l cu la t ed  va lue  

\%en measuring the dis tance the  root-mean square ins t rumenta l  

e r r o r  f o r  a s i n g l e  !%minute sess ion  d id  not exceed 1 5 k m t o  23 June 
w i t h  4 kc devia t ion  aEd'2kmafter 23 June (with 32 kc dev ia t ion ;  t h e  
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e r r o r  i n  t h e  measurement of ve loc i ty  d i d  not exceed 2.5 c d s e c .  

F i g . 1 ,  - Measurement of the  d i s t ance  t o  
Venus ( a )  and of radial ve loc i ty  of its 
mot icm (6) r e l a t i v e  t o  the  c a l c u l a t e d  

value * June 1.964 

In t h e  ca l cu la t ions  of the t i m e  of signal propagation and Doppler 

frequency s h i f t  t h e  following w a s  assunied : astronomical unit - 149 598 OOO' 
km, speed of l i r h t  - 299 792.5km/secV rad ius  of Venus - 6 100 km, The 

t i m e  of s i g n a l  propagation was computed w i t h  a p rec i s ion  t o  2 5  eec, t h e  
Doppler freouency - t o  2 @.05 c y .  The c a l c u l a t i o n  of p l ane t ' s  coordinate8 

W E E  mede on the b a s i s  of the Newcomb analyt ical  theory,  t a k i n g  i n t o  

account t he  co r rec t ions  f o r  Venus' o r b i t  elements according t o  flDankomlf * 
d a t a  and t h e  cor rec t ions  f o r  o r b i t  elements of the  system Earth-Moon 
according t o  Morgan da ta ,  Moreover, t h e  adcii t ional s h i f t  of Venus' c e n t e r  

along its o r b i t  i n  t he  d i r ec t ion  of motion by 250 km 186 also taken i n t o  
account i n  the  ca l cu la t ions .  The displacement w a s  determined i n  1962 c21 
and na6 es t imated  t o  be 270 km, which i s  equiva len t  t o  t h e  i nc rease  of 
Venus' h e l i o c e n t r i c a l  longi tude by +0.52 6ec. The smooth curve8 1 of 
Figs ,  la and 16 correspond t o  t h i s  s h i f t .  If t h e  introduced co r rec t ion  

f o r  t he  s h i f t  were i n  r e a l i t y  absent,  t he  experimental  p o i n t s  ought t o  

I 

be l a y i n g  on t h e  plane curves 2. The dashed l i n e s  of Fig. la i n d i c d e  

how t h e  quant i ty  dr  would have t o  vary if t h e  t r u e  value of t h e  aetro- 
nonical  u n i t  were e-qual 'to 149 598 100 and 149 597 900km. 

* i n  t r a n s l i t e r a t i o n  
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According t o  these  measurements t h e  value o f  t h e  astronomical u n i t  is 
149 598 000 km; at the same t i m e  i f  w e  t ake  i n t o  account t h e  poss ib l e  

sys temat ic  e r r o r s ,  t h e  m a x i m  e r r o r  could be 2400 km. 

R 

Fi7.2.  T i - t r i b u t i o n  by distance of  t h e  energy o f  
r e f l e c t e d  s i g n a l s  from Venus. - a - obtained a t  li- 
near  frequency modulation w i t h  4 kc devi.ation 
f o r  narrow f i l t e r s  and u =  0.0014 f o r  wide f i l t e r s ) ;  
6- obtained w i t h  32 kc  devia t ion .  

0,oOW 

?he root-mean-square values of sys temat ic  e r r o r s  i n  t h e  i n i t i a l  

d a t a  a re  es t imated by the following q u a n t i t i e s  when convert ing t o  a s t r o -  
nomical  it : speed of l i g h t  70km; Venus' radius 40km; h e l i o c e n t r i c a l  

coordinate6 of Venus and E a r t h  1 O O k m ;  i n f luence  of t h e  medium i n  which 

the  s i g n a l  propagates 1 O k m ;  determination of t he  lag i n  t h e  apparatua 

5km. The t o t a l  root-mean-square e r r o r  is equal  t o  130km. 

of dis tance  A R  r e l a t i v e  t o  the p o r t i o n  ofsurface n e a r e s t  t h e  E a r t h  i e  
p l o t t e d  i n  Fig.  2. The d i c t r i b u t i o n  i n  FiT. 2a has been obtained a f te r  
3 7  s e s s ions  w i t h  l i n e a r  frequency modrilation a t  4 k c  dev ia t ion  and per iod  

of  1.024eec. The f i r s t  11 colunns  r ep resen t  t h e  energy of t h e  s i g n a l s  

r e f l e c t e d  by annular  zones of the surface o f  45 km depth,  t h e  remaining 

- by depth of 150 km. The d iE t r ibu t ion  i n  Fig. 2 6 WPBS obtained after 20 

s e s s i o n s  a t  32 kc devia t ion  w i t h  1.024 sec .  period. Its a p p l i c a t i o n  allowed 

a more d e t a i l e d  inSes t iga t ion  of t he  l a w  of r e f l e c t i o n  from t h e  forward 

The d i c t r i b u t i o r  of energy of  Venus-reflected s i g n a l s  86 a func t ion  
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por t ion  of su r face  and t o  obtain the  eaergy from annu l s r  zones by 5.5 km 
i n  depth. The energy of t he  r e f l e c t e d  s i g n a l s  P mas found from these  d a t a  

88 a funct ion of the  incidence angle B (Fig.  3, curve 1 1. For comparison, 

t h e  curve 2 i n d i c a t e s  in t he  same drawing t h e  analogous dependence obtained 
du r ing  the  1962 measuremente. 

Conparison of t he  r e ~ u l t s  show6 

t h a t  i n  1964 t h e  e n e r q  of t h e  ref lected 

s i q n a l s  decreases  more r ep id ly  wi th  tl-e 

incre3r.e of t he  incidence acale P than 

 we^ observed i n  1965. T h i s ,  apcarei t l y ,  
mav be e q l a i c e d  by t h e  f a c t ,  t h a t  dur ing 

the 1964 r ada r  l o c s t i o n  Venus pic turned 
a t  t he  Earth by i t s  smoother site. 

' 

The width of t he  DoFTler s v c t r u r n  
o f  t h e  r e f l e c t e d  s i g n a l ,  cond i t imed  ty 

Venus' r o t a t i o n ,  does not exceed 1 5 ~ ~ s .  
The r e f l e c t i o n  f a c t o r  of Venus c31, 
measured according t o  the  t o t a l  e n e r - y  

of t h e  r e f l e c t e d  s i g n a l ,  is, a~ 23 Ti&.  3 .- DependeRce of the  

v -  

average, equal  t o  19%. The enerry i n  ener,gy of r e f l e c t e d  s i g n a l e  
P on t h e  angle of incidence 4. - 

t h e  c e n t r a l  band of 1 cps is a9:iroxima- 

t e l y  twice smal le r  than t h e  ener,r;y of the  whole spectrum. 
Spec t ra  of sepa-rate day6 of o j se rva t ions  were u t i l i z e d  f o r  t h e  

determinat ion of t h e  ro ta t ior ,  period o f  Venus. To t h a t  e f f e c t  they  we- 

cortpared w i t : .  t h e  ca lcu la ted  spec t r a  for var ious  r o t a t i o n  periode fcom 
t h e  l e v  o f  enerr-y d i s t r i b u t i o n  represented i n  M,-.2. The r e s u l t s  obtained 

i n  196L are not i n  cont rad ic t ion  w i t h  t h e  re t rograde  r o t a t i o n  of Venus 

w i t h  a period od 200- 300 days, a r r ived  a t  from rada r  obferva t ions  of 
Venus, conducted i n  1962 t23. - The exFerimental results of 1962 c31 (a) 
a.nd 1364 ( b )  are shown i n  Fig. 4. A l l  these  r e s u l t s  agree w e l l  and cor- 
respond bes t  of a l l  t o  re t rograde  r o t a t i o n  of Venue with a per iod of 
230 f 25 days. 

The j o i n t  considerat ion of the  r e s u l t s  of determinat ion of t h e  

ro t a t io r ,  period i n  1962 and 1964 shows, t h a t  t he  o r i e n t a t i o n  of t h e  



c . 
e . 6 .  

r o t a t i o n  axis of Venus is near  t o  the  perpendicular  r e l a t i v e  t o  its o r b i t  

plane 

CctoSer November December 
Fig. 4. - Determination of the  per iod of Venus' r o t a t i o n  
a c c e d i n g  t o  t h e  r e r u l t  of radar l o c a t i o n  i n  1962 (a) 
and 1964 (b). Qis  t h e  a n w l a r  v e l o c i t y  of Venus' roo 
t a t i o n  r e l a t i v e  t o  l o c a t o r ,  The dashed l i n e s  i n d i c a t e  
t'-i. co -7-ited valuer. of Q for a d i r e c t  r o t a t i o n  of Venue 
239 t, .e s o l i d  l i n e s  - for  t h e  re t rograde  ro t a t ion .  

The authors  are indebted t o  G. A .  Zhurkina, B. A. Stepanov and 

a r d  G,-4. Sytsko, having par t ic i , a ted  i n  t he  prepara t ion  and car ry ing  

out  t h e  measure~iients. 
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